Flow cytometry analysis
Flow cytometry analysis was performed on a BD LSRFortessa™ cell analyzer (Becton Dickinson) and data were analyzed using FlowJo software (Tree Star). To identify ILC2, cell suspensions were incubated for 20 min at 4 °C with a cocktail of biotinylated mAbs against GR1 (RB6-8C5), CD3 (145-2C11), CD19 (eBio1D3), CD11b (M1/70), B220 (RA-6B2) (eBioscience) followed by incubation with a cocktail against CD45 (30-F11), CD90.2 (30-H12), CD127 (A7R 34) (Becton Dickinson) and Streptavidin (Invitrogen). To identify Th9, cells were incubated for 20 min at 4 °C with a cocktail of mAbs against CD3 (145-2C11), CD4 (RM4-5) and CD45 (30-F11) (Becton Dickinson). For intracellular staining of IL-9 (RM9A4) (Miltenyi Biotec), cells were activated with PMA (Sigma-Aldrich; 60 ng/ml) and ionomycin (Sigma-Aldrich; 1 μg/ml) for 2 h before the addition of Golgi Plug (3 mM) (Becton Dickinson), to enable accumulation of intracellular proteins. Cells were then harvested and fixed for 20 min at 4 °C with 4% paraformaldehyde and subsequently permeabilized at 4 °C in Perm buffer (Becton Dickinson). State-of-the art flow cytometry analysis comprises the exclusion of autofluorescent events, dead cells (eFluor 780) (ThermoFisher) and duplets.
Histological, immunofluorescence and immunohistochemical staining
For stomach histology, paraffin-embedded tissue sections (3-4 mm) were stained with Periodic acid-Schiff (Dudeck et al., 2015) or, for duodenum and colon, with Hematoxylin and Eosin. For mast cells (MCs) count, stomach sections were stained with Toluidine Blue and MCs were counted in images. For MC differentiation, stomach sections were stained with Alcian blue (AB) and Safranin (S), dyes commonly used to differentially stain CTMC, that do not stain with Alcian blue but stain with safranin (AB − S + ) and MMC that show the reverse staining pattern (AB + S − ) (Feyerabend et al., 2005) . Tissue areas were calculated using NIH Image J software. For immunofluorescence, sections were incubated at 4°C with anti-IL-9 (BioLegend clone MH9D1) followed by secondary FITC antibody (Sigma Aldrich), or anti-CD117 (Invitrogen), anti-Occludin (Invitrogen) and anti-IDO1 (Santa Cruz) antibodies followed by secondary TRITC antibody (Sigma Aldrich). DAPI was used to detect nuclei. Immunohistochemistry was performed on 4 µm sections using the monoclonal antibodies CD3 (Leica, clone LN10), CD117 (Dako, clone c-kit) and mast cell tryptase (Leica, clone 10D11). The primary antibody was detected using a biotin -free polymeric-horseradish peroxidase (HRP)-linker antibody conjugate system (Bond Polymer Refine Detection, Leica BioSystems) with heat-induced epitope retrieval, using the Bond III automated immunostainer (Leica BioSystems). Photographs were taken using a high-resolution Olympus DP71 microscope.
Immunoblotting
For immunoblotting, organs or cells were lysed in RIPA buffer. The lysate was separated in SDS-PAGE and transferred to a nitrocellulose membrane. Blot of lysates were incubated with the following antibodies: anti-mouse polyclonal IDO1 (Millipore), phospho (p)-IDO (specifically recognizing the phosphorylated ITIM2 motif in IDO1), monoclonal STAT3 (Cell Signaling, clone 124H6) and polyclonal p-STAT3 (Cell Signaling). Normalization was performed by probing the membrane with mouse-monoclonal anti-β-tubulin, anti-Gapdh and anti-β-actin antibody (all from SigmaAldrich). Images were acquired with LiteAblotPlus chemiluminescence substrate (Euroclone S.p.A.), using ChemiDocTM XRS+Imaging system (Bio-Rad Laboratories) and quantification was obtained by densitometry image analysis using Image Lab 5.1 software (Bio-Rad).
Mast cell engraftment
Selective engraftment of MC in MC-deficient C57BL/6-Kit W/W-v mice was performed injecting into each mouse, via the tail vein, 5x10 6 bone marrow cells derived from 6-week-old female C57BL/6 and Il9R -/-mice cultured in WEHI-3-conditioned medium (ATCC number TIB-68), as a source of IL-3, for 4-5 weeks. The recipients were used for experiments 4 weeks later.
TUNEL assay of intestinal sections
Sections of colon fixed in 4% buffered paraformaldehyde, pH 7.3, for 36 h and embedded in paraffin, were deparaffinized, rehydrated, treated with 0.1 M citrate buffer, pH 6.0, washed and blocked in 0.1 M Tris-HCl buffer, pH 7.5, supplemented with 3% bovine serum albumin and 20% fetal calf serum. The slides were then incubated with fluorescein-coupled dUTP and terminal deoxynucleotidyltransferase-mediated deoxyuridine triphosphate nick-end labelling (TUNEL) enzyme (Roche) in the presence of terminal deoxynucleotidyltransferase. Unspecific binding was removed by washing with phosphate-buffered saline for 10 min at 70 °C. The sections were mounted and analyzed by fluorescence microscopy, using a × 40 objective.
Intestinal permeability
Intestinal permeability was measured in C57BL/6, Il9R -/-and C57BL/6-Kit
, either intact or engrafted intravenously with wild-type BMMC and Il9R -/-mice each naïve or treated for 3 days with 10 µg/kg rIL-9 and infected intragastrically with C. albicans. At the time of sacrifice, 3 days after infection, mice were fasted for 4 h orally with the exception of drinking water prior to the administration of 40 mg/100g mouse weight of FITC-dextran (4kDa; SigmaAldrich) as described (Chen et al., 2008) . Serum was collected retro-orbitally 4 h later and diluted 1:3 in PBS. The amount of fluorescence at 488 nm for emission and absorption at 525 nm, was read on the Infinite 200 plate reader (Tecan) using the manufacturer's I-control version 1.3 software.
Bacterial DNA extraction and quantitative PCR for microbiota analysis
Bacterial DNA from feces of littermates C57BL/6 and Il9R -/-mice was extracted using a QIAamp DNA Stool Mini Kit (Qiagen). Bacteria species-specific PCR was carried out with primers listed in Supplemental Table 1 targeted on the 16S rRNA (Cha et al., 2010; Haarman and Knol, 2006; Mikelsaar et al., 2010) using BioRad MyCycler (BioRad) and Platinum Taq DNA Polymerase (Invitrogen). The amplification program was 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 30 s at the appropriate annealing temperature and 72°C for 30 s. A cycle of 72°C for 10 min concluded the program. Amplification products were detected by agarose gel electrophoresis on 1,8% agarose gel, Gel Red ™ (Biotium) staining and UV transillumination. Bacterial abundances were expressed as relative 16S rRNA gene levels.
Fecal microbiota transplantation
Six-week-old C57BL/6 and Il9R -/-recipient mice were treated with a "cocktail" of antibiotics containing vancomycin (500 mg/l) and neomycin (1g/l) in drinking water for a week followed by intraperitoneal injection of clindamycin (10 mg/kg) for two consecutive days before fecal transplantation (Murakami et al., 2016) . Freshly harvested donor feces (0.8-1.0 mg feces/g BW/day) were resuspended in PBS, mixed with vortex for 10 min and administered by gavaging to recipient mice for 5 days, once a day. After transplantation, mice were infected intragastrically with 10x10 8 C. albicans and sacrificed 3 days after infection.
Murine model of celiac disease
Three-generation gluten-free diet (Mucedola) (Papista et al., 2012) , 5-week-old BALB/c male and female purchased from Charles River, were challenged via gavage with gliadin (10 mg/mice in 100 µl saline) 3 times week, for 4 weeks. At the end of the last daily treatment, mice were anesthetized with Avertine (Sigma Aldrich) and then killed. The small intestines were collected and stored for all described techniques. These studies and procedures were approved by the local Ethics Committee for Animal Welfare (IACUC No 583) and conformed to the European Community regulations for animal use in research (2010/63 UE).
Antifungal effector activity
Monolayers of plastic-adherent macrophages (Mϕ) were obtained, after 2 hours plastic adherence, from splenic populations of C57BL/6 or Il9R -/-mice either naïve or intragastrically infected with C. albicans. Cells were pretreated for 1h with 10 ng/mL rIL-9 before pulsing with Candida yeast (1:10 cell/fungus ratio) for 2 h. For oxidant production, Mϕ were evaluated for oxidation of dihydrorhodamine 123 (DHR, Molecular Probes) measured by fluorimetry with the multifunctional microplate reader Tecan Infinite 200 (Tecan) at different time points. The percentage of CFU inhibition (mean±SD), referred to as candidacidal activity, was determined as described previously (Bellocchio et al., 2004) .
ELISA and real-time PCR
The levels of cytokines in stomach and colon homogenates, sera and culture supernatants were determined by specific ELISAs (R&D System) following manufacturer's instructions. Real-time RT-PCR was performed using CFX96 Touch Real-Time PCR Detection System and SYBR Green chemistry (BioRad). Cells were lysed and total RNA was reverse transcribed with cDNA Synthesis Kit (BioRad), according to the manufacturer's instructions. The PCR primers sequences (5'-3') were as follows and normalized against Gapdh. The thermal profile for SYBR Green realtime PCR was at 95°C for 3 min, followed by 40 cycles of denaturation for 30 s at 95°C and an annealing/extension step of 30 sec at 60°C. Each data point was examined for integrity by analysis of the amplification plot. The mRNAnormalized data were expressed as relative gene mRNA in treated compared to untreated experimental groups or cells. Data represent pooled results (n=6, mean ± SD) or representative images from three experiments. *P<0.05, **P<0.01, ****P<0.0001, NS, not significant, knockout vs C57BL/6 mice; antibiotics-treated vs untreated (none) mice. One-way and two-way ANOVA, Bonferroni and Tukey's post test.
